Background. Patients with peritoneal surface disease (PSD) often present with synchronous hepatic involvement (HI). The impact of addressing the hepatic component during CRS/HIPEC on operative and survival outcomes is not clearly defined. Methods. A prospective database of 1,067 procedures was reviewed based on primary tumor, performance status, resection status, type of liver involvement (superficial or parenchymal) and hepatic resection, morbidity, mortality, and overall survival. Results. There were 108 (10 %) CRS/HIPEC procedures performed with synchronous liver debulking in 99 patients with PSD from 27 (33 %) appendiceal and 32 (39 %) colorectal primary lesions. Ninety percent of patients underwent subsegmental hepatic resection, whereas 22 % had disease with hepatic parenchymal involvement. Median intensive care unit (ICU) and hospital stay were 3.5 and 13.6 days, respectively. Clavien grade III/IV morbidity was similar for patients with or without resected HI (18.9 vs. 22.5 %; p = 0.39). The 30-day mortality rate was 6.5 and 2.8 % (p = 0.07) for patients with and without resected HI, respectively. The median survival for all patients with low-grade appendiceal cancer was 42.1 months with resected HI and 95.5 months without HI (p = 0.03). Median survival for colorectal cancer patients after complete cytoreduction was 21.2 months with HI versus 33.6 months without HI (p = 0.03). Conclusions. Synchronous resection of limited HI does not increase the morbidity or mortality of CRS/HIPEC procedures. The survival benefit, although still meaningful, was less for patients with HI. Resectable low volume HI in patients with PSD from colon and appendiceal primary lesions should not be considered a contraindication for CRS/HIPEC procedures.
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The completeness of cytoreduction has been shown to predict survival for patients with peritoneal surface disease (PSD) from a variety of epithelial malignancies. [1] [2] [3] However, patients with synchronous PSD and hepatic involvement (HI) have been traditionally considered suboptimal candidates for cytoreductive surgery (CRS) with hyperthermic intraperitoneal chemotherapy (HIPEC). This is mainly due to concerns that obtaining locoregional control of PSD with CRS/HIPEC in tumors that also deploy biologic machinery necessary for parenchymal invasion has an increased theoretical risk of systemic failure. In addition, the cumulative morbidity and toxicity derived from the addition of a liver resection to CRS/HIPEC could be prohibitive.
The primary aim of this manuscript was to determine the operation specific morbidity and mortality of nonanatomic resection of limited hepatic disease during CRS/HIPEC. The secondary aims were to determine the biologic impact of superficial vs. parenchymal HI on survival and to determine the risk of systemic failure for patients with PSD from appendiceal and colorectal primary lesions.
METHODS
Patients who had a hepatectomy as a component of their cytoreduction were identified in a prospectively maintained database of 1,067 CRS/HIPEC procedures performed between 1991 and 2013, and were compared to those patients who had CRS/HIPEC without a hepatic resection. The variables included in our analysis were Eastern Cooperative Oncology Group (ECOG) performance status, 4 type of primary malignancy, and completeness of cytoreduction. Operative morbidity and mortality were also reviewed. Institutional review board approval was obtained.
The preoperative evaluation included a history and physical examination, relevant serum tumor markers, and a computed tomographic scan of the chest, abdomen, and pelvis. Eligibility criteria for CRS/HIPEC included histologic or cytologic diagnosis of peritoneal carcinomatosis, resectable or resected primary lesion, debulkable peritoneal disease, absence of extraabdominal disease, and complete recovery from previous radiation or chemotherapy treatments. 5 Presumably resectable HI, whether superficial or parenchymal, was not considered a contraindication. 6 Morbidity and mortality were graded according to the Clavien and Dindo classification system. 7 HI was defined as either ''superficial'' for cases in which HI was not invading Glisson's capsule or ''parenchymal'' for cases with parenchymal invasion. Parenchymal invasion could have occurred via hematogenous spread identified on preoperative cross sectional imaging or via direct invasion from intraperitoneal dissemination. Because metastasis in the periphery of the liver could have arisen from hematogenous spread or direct invasion, we did not attempt to distinguish between the two. The extent of the liver resection was determined by review of the operative record, and the volume of the resected liver was calculated based on measurements from gross pathology.
Descriptive statistics included frequency and percentage for categorical variables and mean, and standard deviation for continuous variables. Fisher's exact tests and Wilcoxon rank sum tests were used to compare categorical and continuous variables, respectively. OS was estimated using the Kaplan-Meier (product-limit) method from the date of CRS/HIPEC (or first CRS/HIPEC for cases in which a patient underwent more than one procedure) to the date of death or last follow-up. Disease-free survival (DFS) was only estimated for patients who underwent a complete cytoreduction. The log-rank test compared survival between groups. Statistical significance was defined as a p value \ 0.05. All analyses were performed using SAS 9.3 (Cary, NC).
RESULTS
Overall, 108 of 1,067 (10.1 %) of CRS/HIPEC procedures performed at our institution during the study period included a liver resection. The total 108 liver resections were performed in 99 patients for 27 (33 %) appendiceal primary lesions and 32 (39 %) colorectal primary lesions. Patient characteristics were compared between those who underwent CRS/HIPEC with and without liver resection ( Table 1) . Resection of HI was more common in patients with colorectal cancer (p = 0.003). All patients with HI from colorectal adenocarcinoma and high-grade appendiceal adenocarcinoma received first-line systemic chemotherapy with FOLFOX or FOLFIRI with or without bevacizumab prior to CRS/HIPEC. In addition, 31 % of these patients received second-line chemotherapy and another 13 % received third-line chemotherapy prior to Hepatic resection was limited to a subsegmental resection in 89.8 % (n = 97) of cases. In 31 (28.7 %) cases, more than one liver resection was performed, and the mean volume of liver parenchyma resected was 87.2 cm 3 . Parenchymal involvement was noted in 22.2 % (n = 24). Patients with appendiceal primary lesions and HI had superficial disease confined to the liver capsule in 93.3 %. The remaining 6.7 % of appendiceal primary lesions had parenchymal invasion and were all high-grade lesions. Yet most of the high-grade appendiceal HI (75 %) was superficial. We did not identify parenchymal disease with low-grade appendiceal (LGA) lesions. Patients with colorectal primary lesions were more likely to have parenchymal disease than patients with appendiceal primary lesions (37.5 vs. 6.7 %; p \ 0.001).
There was no statistically significant difference in overall minor (Clavien grade I and II) or major (Clavien grade III and IV) morbidity identified between patients with and without resection of HI during cytoreduction (Table 2 ). Mortality was not significantly different for patients with and without resection of HI (30-day mortality 6.5 vs. 2.8 %, respectively; p = 0.07). When evaluating outcomes based on the type of HI (superficial vs. parenchymal) and type of liver resection (anatomical vs. subsegmental), we identified no differences in minor morbidity, major morbidity, mortality, or 30-day readmission.
In the procedures in which a complete cytoreduction was obtained, recurrence rates were not significantly different for patients with colorectal primary lesions (64.7 vs. 53.3 %; p = 0.44) and LGA primary lesions (40.0 vs. 16.9 %; p = 0.22) based on the presence or absence of HI, respectively (Table 3) . Of those patients with colon cancer and HI that recurred, only 12.5 % had high-grade lesions, whereas 71.9 % had lymph node involvement. Despite similar recurrence rates, recurrence occurred sooner in patients who had HI from colorectal primary lesions than in patients who did not have HI (DFS 6.8 vs. 12.0 months; p = 0.001) (Fig. 1) . DFS after complete cytoreduction for patients with LGA primary lesions with and without HI was 118.9 versus 128.3 months, respectively (p = 0.23).
Median follow-up was 49.4 months for patients with resected HI and 49.9 months for those without HI. Median overall survival (OS) after CRS/HIPEC for patients with LGA primary lesions was 42.1 months for patients with HI and 95.5 months for patients without HI (p = 0.03) (Fig. 2a) . Median OS was not reached for patients with LGA after complete cytoreduction, regardless of HI (p = 0.55). For patients with colorectal cancer, median OS after complete (R0/R1) cytoreduction and HIPEC was 21.2 months for those with HI and 33.6 months for those without HI (p = 0.03) (Fig. 2b) . When evaluating all 
DISCUSSION
The unexpected presence of PSD discovered upon attempted hepatectomy for colorectal cancer has traditionally served as a contraindication for continued resection. Recently, it has been demonstrated, however, that for colon primaries when the burden of PSD is low (\2 abdominal regions), hepatectomy should be undertaken as long as complete cytoreduction is possible. 8 Recent meta-analysis, limited to the investigation of patients with colorectal primary lesions, suggested a trend toward increased survival among patients with HI and hepatic resection as a component of CRS/HIPEC when compared to patients treated with systemic chemotherapy. 9 As partial hepatectomy is sometimes required to achieve complete cytoreduction in cases in which PSD involves the liver, it is important to determine the implications of hepatectomy as a component of CRS/HIPEC in terms of operative morbidity and mortality, and survival.
In this cohort, the addition of a nonanatomic hepatic resection to HIPEC was not associated with an increase in morbidity or ICU stay. Even though the higher mortality in patients with HI did not reach statistical significance, it serves to caution against hepatic resections in the presence of extensive peritoneal dissemination. Liver involvement, per se, did not preclude complete cytoreduction, yet this finding likely reflects careful preoperative patient selection, as those proceeding to surgery would have had disease preoperatively considered to be resectable.
This manuscript demonstrates that not all HI from PSD is equal. Patients with PSD from LGA primary lesions often present with an impressive volume of disease surrounding the liver capsule, yet this superficial disease very rarely invades the hepatic parenchyma and has no effect on the DFS or OS of patients after a complete macroscopic cytoreduction. In these patients, HI may function as a marker of greater volume of disease. The decreased survival observed for LGA with HI when incomplete cytoreductions were included in the analysis likely reflects the effect of residual PSD on survival and not the effect of the liver involvement itself. Therefore, in LGA, pericapsular liver disease alone should not be considered a sufficient reason to abort the operation.
On the contrary, HI by colorectal primary lesions is often parenchymal and denotes an aggressive biologic behavior with a statistically significant impact on both DFS and OS. This impact on survival is observed even when a complete macroscopic cytoreduction was achieved. In addition, 36 % of this cohort will develop extra-abdominal, systemic failure. Therefore, in patients with colorectal primary lesions, as well as high-grade appendiceal primary lesions, we reserve CRS/HIPEC only for patients who are treated with upfront systemic chemotherapy and are without progression of disease on repeat CT imaging after chemotherapy. We believe this practice is validated by the reported median OS of 21 months after CRS/ HIPEC. Although modern chemotherapy has resulted in survival outcomes of up to 23-26 months for patients with stage IV colon cancer, we measured survival from the date of surgery, which followed chemotherapy as opposed to the date of diagnosis and initiation of chemotherapy. 10, 11 The survival benefit provided by CRS/HIPEC is not in lieu of that provided by chemotherapy, but is additive to it. In this regard, CRS/ HIPEC should not be compared to first-line chemotherapy in terms of survival benefits. A more accurate comparison could be made between CRS/HIPEC and second-line or third-line chemotherapy in which CRS/HIPEC has superior survival outcomes. More specifically, median survival for second-line chemotherapy is 10-14 months and for third-line (such as regorafenib), it is less than 3 months. [12] [13] [14] In LGA, recurrence is not more commonly observed after CRS/HIPEC procedures that include resection of HI. When LGA does recur, it is limited to the peritoneal cavity or perihepatic area, but it does not involve liver parenchyma or extraabdominal sites. On the contrary, colorectal primary lesions have a 38 % potential for intrahepatic recurrence after CRS/HIPEC and a 25 % risk for the development of systemic disease outside the peritoneal cavity, even when HI is absent at CRS/HIPEC. Thus, colorectal cancer does not always behave as a peritoneal surface process. Until reliable methods of distinguishing patterns of dissemination are developed, these patients should be treated as having systemic disease with continuation of systemic chemotherapy after CRS/HIPEC.
The current study has several limitations. First, even though differences in the clinical significance of HI of two major histologies currently considered appropriate for CRS/HIPEC procedures are accurately depicted, this study represents a nonrandomized, single institution, retrospective analysis. Therefore, selection bias is inevitably incorporated in the reported outcomes. Although this study also represents the largest of its kind, small patient numbers were not avoided in the subgroup analyses.
In conclusion, synchronous resection of limited HI does not increase the morbidity or mortality of CRS/HIPEC procedures. HI in PSD from colorectal and appendiceal primary lesions is a negative prognostic indicator of survival. In patients with colorectal primary lesions, HI is associated with decreased OS and DFS, but CRS/HIPEC still offers a meaningful survival benefit when a complete cytoreduction can be achieved. In patients with LGA primary lesions, HI is generally superficial and should not be considered a contraindication for CRS/HIPEC procedures.
